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Abstract 

Background — Pediatric gliomas, the most common solid childhood neoplasm, manifest unique 
molecular signatures that distinguish them from adult gliomas. Unfortunately, most studies have 
focused on adult gliomas and extrapolate the findings to treat pediatric gliomas. In this study, we 
assessed the efficacy of Targetin, a folate conjugated analogue of Noscapine, on the treatment of 
pediatric low and high grade gliomas. 

Method — An assortment of standard cancer assays were used with different drug doses and 
experimental durations. 

Results — We found that pediatric glioma cells are more susceptible to lower doses of Targetin 
than parental Noscapine. Targetin functions by disrupting the microtubule network, and can 
likewise pertm^b DNA synthesis, delay the cellular transition within the S and G2M cell cycle 
phases, diminish anchorage independent growth and the migratory/invasiveness of pediatric 
glioma cells. Moreover, Targetin impairs the expression of several regulators of cancer 
progression belonging to prominent signalling pathways in pediatric gliomas; including Platelet 
Derived Growth Factor alpha and some members of the Mitogen Activated Protein Kinase 
cascade. 

Conclusion — Targetin has an excellent anti-neoplastic profile and functions to modulate the 
expression of several genes belonging to key cancer progression pathways in pediatric gliomas. 
Collectively, findings from this study highlight the usefulness of Targetin for the treatment of 
pediatric high and low grade gliomas. 

Keywords 

Pediatric astrocytomas; drug discovery; molecular therapeutics; microtubules; gene expression; 
apoptosis 



© 2013 Ajeawung et al.; Licensee Pharma Professional Services. 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http:// 
creativecommons.org/licenses/by-nc/3.()/) which permits unrestricted, non-commercial use, distribution and reproduction in any 
medium, provided the work is properly cited. 

Address correspondence to this author at the Department of Pediatrics, Laval University, Quebec, QC, Canada; Tel: (418) 656-4141; 
Fax: (418) 654-2753; deepak.kamnasaran@crchul.ulaval.ca. 

COMPETING INTEREST 

The authors have none to declare. 



Ajeawung et al. 



Page 2 



1. INTRODUCTION 

Pediatric gliomas comprise a heterogeneous tumour group, representing the most frequent 
type of central nervous system neoplasms. Like adult gliomas, pediatric gliomas are 
histologically divided into distinct gradations ranging from groups I to IV as classified by 
the World Health Organization [1]. The less aggressive, but with the risk of progression to 
malignancy, are low grade gliomas (WHO grade I and II tumours), and comprise mostly of 
pilocytic astrocytomas and diffuse fibrillary astrocytomas [2], while the highly lethal forms 
are high grade gliomas with anaplastic astrocytoma and glioblastoma being the most 
abundant [3]. Despite these histological similarities, distinct genomic events [4—6] have 
established unique molecular signatures in pediatric astrocytomas when compared to adult 
astrocytomas. A physical and functional link was previously established between modulators 
of these aberrantly expressed pathways and microtubules [7-11]. PDGFRA resides in the 
primary cilia (a microtubule based organelle) during growth arrest and its downstream 
targets MEKl/2 are phosphorylated within the cilium and the basal body [7]. Likewise, 
numerous microtubule disruptors were shown to modulate the function of several MAP 
kinases [12], further underscoring the potential usefulness of tubulin binding agents in the 
treatment of diseases like pediatric gliomas. 

Unlike current clinically used tubulin binding agents such as Paclitaxel and Vinca alkaloids, 
that are confounded by complications of toxicity, the opium derived microtubule modulating 
agent, Noscapine and its analogues, are endowed with enhanced anti-tumour potentials and a 
safer toxicity profile [13,14]; hence being more appealing for the treatment of childhood 
neoplasms. Originating from the expression of the folate receptors -alpha FRa receptors on a 
variety of cancer cell types and using molecular modelling techniques, we recently 
conjugated a folate ligand (folate group) to the C9 position of Noscapine, to yield a new 
tubulin binding agent known as Targetin [15]. In this study, we investigated the anti- 
neoplastic properties of Targetin in a panel of high and low grade pediatric glioma cell lines. 

2. METHODS 

2.1. Tissue Culture 

The pilocytic (R286), anaplastic (UW467) and pediatric glioblastoma (SF188) cell lines 
used in this study were kindly provided by Drs. Micheal Bibola (Washington University, 
Seattle, USA) and Chris Jones (Institute for Cancer Research, UK). All cell lines were 
previously characterized [16-18] and were propagated in Dulbecco's modified eagle 
medium containing 10% FBS and 1% antibiotic-antimycotic except for the R286, which was 
grown in the presence of EMEM/F12 supplemented with 10% FBS (Fisher) and 1% 
antibiotic-antimycotic. The cells were maintained at 37°C and 5% CO2. 

2.2. Determination of thie IHalf IVIaximal Inhiibitory Concentration (IC50) 

Targetin was synthesized as previously described [15]. The IC50 of Targetin in pediatric 
glioma cell lines was determined using the cell titre 96 Aqueous one cell proliferation assay- 
MTS (Promega). Briefly, 2.0 x 10^ cells were plated in each well of a 96 well plate and 
allowed to adhere overnight. The cells were treated with varying doses of Targetin and 
Noscapine, ranging from 0 |jM to 500 |iM for 24 hours [19]. 
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2.3. Assessment of Cell Proliferation and Clonogenicity 

The BrdU cell proliferation ELISA assay and anchorage independent growth in soft agarose 
were undertaken as previously described [19]. 

2.4. IVIeasurement of Apoptosis 

Targetin was administered to 2.0 x 10^ cells per well in 6-well plates. Prior to analyses, cells 
were labelled with annexin V/propidium iodide and subjected to flow cytometry analyses. 

2.5. Cell Cycle Analysis 

Cells at different stages of the cell cycle were determined as previously described [19]. 
Briefly, 2.0 x 10^ cells were stained with propidium iodide mixed with RNase and subjected 
to FACS analyses using the BD Biosciences Canto 11 software. 

2.6. Mitochondrial Membrane Permeability Determination 

Alteration in mitochondrial membrane permeability was assessed as previously described 
[20]. Cells were exposed to 40 nM DioC6 (3) and subjected to flow cytometry analyses. The 
proportion of cells, with compromised and non-compromised mitochondrial membrane, was 
determined and plotted against respective treatments. 

2.7. Assessment of Cell Migration and Invasion 

Cell migration and invasion were investigated using the Wound healing and the Matrigel 
Boy den chamber invasion assays, as previously described [21]. The mean migratory 
distance and the proportion of invading cells were obtained from five randomly viewed 
fields with the aid of a microscope and plotted relative to untreated cells that were 
normalized to a value of 100%. 

2.8. Immuno-Fluorescent Cytochemistry 

Immuno-fluorescent microscopy was performed as previously described [22]. Briefly 1.0 x 
10^ cells were cultured on glass slides, fixed with ice-cold methanol, and then incubated 
with a microtubule binding, primary antibody DMA-1 (Santa Cruz biotech), followed with a 
rabbit polyclonal protein G-FITC secondary antibody (Abeam). Mitotic bodies were viewed 
and documented with the Nikon eclipse 80i microscope system. 

2.9. PCR Array and Gene Expression Analysis 

Total RNAs from R286 and SF188 were used for cDNA synthesis with the Superscript 11 
cDNA synthesis kit as described by manufacturer (Invitrogen). 89 primers for Real-time 
PCR were designed using Primer Blast (NCBl), commercially synthesized, and then used 
with the Soofast Evagreen kit (BioRad) and a CFX 96 Real-time PCR machine (BioRad). 

2.10. Determination of CDC25A Activity 

The cell division cycle 25A (CDC25A) antibody was added to a microtitre plate containing 
varying concentrations of Targetin (O-lOOpM) and CDC25A assay buffer. The plate was 
incubated at room temperature for 15 minutes and the activity of CDC25A was measured at 
an excitation of 482 nm and emission of 520 nm, as described by manufacturer (Cyclex). 
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2.1 1 . Statistical Analysis 

All experiments were performed in triplicate and repeated at least twice. Data were analysed 
using the Graphpad prism version 5 software. Multiple comparisons were performed using 
the ANOVA and post-hoc Bonferonni tests. P-values <0.05 were considered statistically 
significant. 

3. RESULTS 

3.1. Targetin Retards Cell Proliferation, Viability and Anchorage Independent Growth 

To augment the potency of Noscapine, we recently conjugated the Folate Receptor Ligand 
(FRa), folate, with aminonoscapine to yield a novel tubulin binding compound known as 
Targetin. Despite similarities in tubulin binding affinities, the IC50 value of Targetin in our 
panel of Pediatric glioma cell lines (SF188, UW467, R286) were 4 to 11 times lower 
compared to Noscapine (Figure 1 A). Furthermore, the UW467 anaplastic astrocytoma cell 
line had a lower IC50 value when compared to the pilocytic astrocytoma cell line (R286) or 
SF188 glioblastoma cell line; suggesting the histologic grade is an unlikely predictor of 
sensitivity to Targetin treatments. 

These findings prompted us to further investigate the effect of Targetin on cell viability and 
proliferation during a five day period. BrdU labelling (Figure IB) and MTS (data not 
shown) experiments subsequently showed a dose and duration-dependent diminution in cell 
viability and proliferation in all three cell lines treated with Targetin. Furthermore, the long 
term assessment of Targetin revealed a significant decrease in anchorage independent 
growth over an 18 day period, as a consequence of reductions in the size as well as number 
of colonies that can grow in soft agarose (Figure IC). 

3.2. Targetin Alters lUlicrotubule Networks, and Induces Cell Cycle Arrest, Phosphatidyl 
Serine Externalization and Dissipation of IVIitochondrial Membranes 

Using immunofluorescent cytochemical analyses (IFC) of Targetin-treated cells labelled 
with the anti-Tubulin antibody DM1 A, we observed the accumulation of several mitotic 
cells (Figure 2) which coincided with the an^est of pediatric glioma cells at the G2M phase 
of the cell cycle (Figure 3A). In addition, we observed populations of cells arrested in 
interphase consistent with observed sub-populations of cells arrested or delayed within the 
S-phase. The observed cell cycle arrest could explain the decline in cell viability and 
proliferation as seen in treated cells when compared to untreated controls. Furthermore, 
since the expression of several cell cycle regulators including CDKNIB, CCNA2 and 
CDC25A (Figure 5C) were altered in glioma cell lines treated with Targetin, we investigated 
the effect of Targetin on the activity of the CDC25A protein. Even though Targetin could 
significantly decrease the expression of the CDC25A gene, it failed to abrogate CDC25A 
protein activity (data not shown); hence suggesting that the mechanism of action for 
Targetin is limited to disrupting the expression of CDC25A. 

Given that we initially observed a dose dependent accumulation of Targetin treated cells 
within the Sub GO/Gl compartment (Figure 3B): a phenomenon depicting late apoptotic 
cells, we further assessed early apoptotic cells by virtue of undertaking phosphatidylserine 
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externalization and mitochondrial membrane potential dissipation experiments. We found 
that Targetin dose dependently and progressively increased both populations of early and 
late apoptotic cells (Figure 4A, B), as well as promoted dissipation of the mitochondrial 
membrane potential (Figure 4C). 

3.3. Targetin Interferes with Cell Migration and Invasion 

Microtubules have a crucial role in regulating cell motility. Analysis of data emerging from 
our in vitro metastasis studies subsequently revealed a dose dependent decrease in the 
migration and invasion potentials of our panel of pediatric glioma cell lines treated with 
Targetin when compared to untreated controls (Figure 5A, B). This phenomenon could have 
originated from decreased microtubule dynamics (Figure 2) and/or changes in the expression 
of several cytoskeletal/pro-migratory genes including PDGFRA, MMP9 and Vimentin 
(Figure 5C). 

3.4. Targetin Perturbs the Expression of Genes Involved in Cancer Progression 

We next questioned whether Targetin could interfere with the expression of genes 
implicated in cancer progression. Indeed, gene expression profiling of 85 cancer progression 
genes and 4 housing keeping genes, revealed significant variations in the transcriptional 
levels between grade I (R286) and grade IV SF188 pediatric glioma cell lines upon having 
responses to Targetin (Figure 5C). Alterations in gene expression by over two fold were 
further observed among 29 genes in the R286 pilocytic astrocytoma cell line but in only 14 
genes in the SF188 glioblastoma cell line following exposure to Targetin. Remarkably, 
Targetin significantly decreased the expression of several modulators belonging to pathways 
aberrantly expressed in pediatric gliomas including PDGFRA, MAP2K6, MAPK8, 
MAPK12, mTOR and HRAS in both the R286 and the SF188 cell hnes; suggestive of 
common mechanistic molecular pathways influenced by Targetin in both high and low grade 
pediatric ghomas. 

4. DISCUSSION 

Integrated genomic approaches have delineated unique molecular signatures between 
pediatric and adult gliomas [4-6], a finding that limits the extrapolation of results from adult 
clinical studies for the design of similar therapies among children with gliomas. Therefore, 
specific therapies tailored to pediatric gliomas are anticipated to be more effective. Given 
their role in a variety of cellular process, microtubules continue to be attractive targets for 
cancer therapy [23]. Despite their enhanced anti-neoplastic potentials, clinically useful 
tubulin binding compounds including some belonging to the Vinca and Taxane families are 
confounded with serious side effects and amenability to acquired drug resistance in 
cancerous cells [36]. Noscapinoids on the contrary, can bind to tubulin without altering the 
total monomer/polymer mass ratio. In this manner, both in-vitro and in-vivo studies have 
further concluded that Noscapinoids induce only subtle changes in microtubule dynamics 
leading to the attenuated growth of cancerous cells but with the maintenance of little or no 
toxicity to non-neoplastic cells [13]. Hence, compounds belonging to the Noscapinoid 
family are anticipated to be favoured for the treatment of a variety of malignancies including 
pediatric ghomas. 
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Targetin is a folate conjugated analogue of Noscapine, that efficiently binds to tubulin, 
modulate microtubule dynamicity [15] and unlike parental Noscapine, suppresses the growth 
of pediatric glioma cells at much reduced doses. Consistent with the pre-chnical mechanistic 
activity of other Noscapinoids [13,14], in pediatric glioma cells, Targetin progressively 
induced the accumulation of cells in the S and G2M phases of the cell cycle which coincided 
with decreased DNA synthesis (proliferation) and the appearance of mitotic phenotypes with 
disrupted microtubule network. Alterations in the microtubule organisation ultimately leads 
to growth arrest and apoptosis [24] which in the case of Targetin, was associated with the 
increased externalizations of phosphatidyl serine and mitochondrial membrane 
depolarization in pediatric glioma cells. The delay in cellular transition within the DNA 
replication and mitotic phases coupled with Targetin-mediated induction of apoptosis, 
profoundly impaired DNA synthesis, cell viability, cell proliferation and anchorage 
independent growth of both low and high grade pediatric glioma cell lines. 

Targetin also significantly reduced the migratory and invasive potentials of pediatric 
gliomas. A decrease in cell motility and invasion can be triggered by a disruption in the 
tubulin cytoskeleton which in a normal state orchestrates several facets of cell motility [25]. 
Alternatively, the decreased expression of pro-migratory genes including PDGFRA, as seen 
in both the pilocytic and glioblastoma cell line treated with Targetin, could influence the 
overall migratory/invasive properties of these cells. Prior evidence also indicated that an 
attenuation of microtubule dynamics is regulated via the MAPK signalling cascade [12]. 
Indeed, we identified Targetin diminishes the expression of several downstream targets like 
MAP2K6, MAPK8, MAPK12 and mTOR of the MAPK pathway in our panel of pediatric 
glioma cell lines. Since focal amplification of PDGFRA and the constitutive activation of 
the MAPK pathway are the most predominant aberrations among both pediatric low and 
high grade gliomas [4-6], inhibition of the biological signals emerging from these pathways 
by the microtubule modulating compound Targetin, fulfills promises for improved targeted 
therapies in the treatment of pediatric gliomas. 

5. CONCLUSION 

In summary, we have synthesized a new and more potent derivative of Noscapine, known as 
Targetin, by conjugating a folate ligand at the C6 position of Noscapine. Our studies have 
further overwhelmingly demonstrated high efficacies with the use of Targetin to treat both 
low and high grade pediatric gliomas, using our panel of glioma cell lines. These precursory 
findings from this study justify the need for future in-vivo pre-clinical studies in model 
organisms as well as clinical trials among pediatric patients with gliomas. 
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Targetin significantly inhibits anchorage independent growth in a dose 
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Targetin functions by affecting microtubule dynamics leading to the arrest of 




glioma cells in the S and G2M phases of the cell cycle, and subsequently cell 
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Figure 1. 

Cytotoxicity profiles of Targetin. (A) Using MTS viability assays, Targetin is demonstrated 
to be more potent than the parental Noscapine compound among the panel of 3 pediatric 
glioma cell lines. (B) Using the BrdU proliferation assay, Targetin dose dependently 
abrogated the proliferation of all 3 pediatric glioma cell lines over a five day period. NT = 
untreated. (C) Targetin significantly decreases anchorage independent growth in soft 
agarose over an 18 day period in a dose dependent manner. NT = untreated. All P-values < 
0.05 were considered significant and are represented with an asterisk (*), depicting 
significant differences between Targetin treated and untreated cells. 
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Figure 2. 

Representative images of Immunofluorescent cytochemistry studies done on the SF188 cell 
line treated with varying doses of Targetin, and labelled with the DM1 A alpha tubulin 
antibody (Green). Nuclei were stained with DAPI (blue). Notice the appearance of several 
mitotic cells after 48 hours post-Targetin treatment. Arrows depict cells arrested at mitosis. 
NT = untreated 
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Figure 3. 

Targetin delays the transition of cells in the S and G2M phases of the cell cycle. (A) FAC 
analyses of 3 pediatric gUoma cell lines showing an accumulation of cells within the S and 
G2M phases, in a dose and time dependent manner, after Targetin administration. (B) Flow 
cytometric quantification of sub-Gl cells in untreated (NT) and Targetin-treated pediatric 
glioma cells. All P-values < 0.05 were considered significant and are represented with an 
asterisk (*), which signifies significant differences between Targetin treated and untreated 
cells. 
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Figure 4. 

Targetin induces apoptosis. Apoptotic cells were detected by flow cytometry following 
labelling with either annexin V/Propidium iodide or the DioC6(3) dye. Treatments with 
varying Targetin doses progressively increased the proportion of (A) annexin positive/ 
propidium iodide negative (AV+/PI-) and (B) annexin positive/propidium iodide positive 
(AV+/PI+) cells, depicting the presence of both early and late apoptotic events respectively. 
(C) Assessment of mitochondrial membrane permeability in Targetin-treated and non 
treated cells labelled with DioC6(3). Targetin dose dependently promoted mitochondrial 
membrane dissipation. NT = untreated. All P-values < 0.05 were considered significant and 
are represented with an asterisk (*), depicting significant differences between Targetin 
treated and untreated cells. 
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Figure 5. 

Targetin attenuates cell migration and invasion, and further alters the expression of cancer 
progression genes. (A) Cell migration and (B) invasion were assessed using the Wound 
healing and Boyden chamber matrigel assays respectively. Targetin significantly reduced the 
migratory and invasive potentials of both low and high grade glioma cell lines compared to 
the negative controls. All P-values < 0.05 were considered significant and are represented 
with an asterisk (*), depicting significant differences between Targetin treated and untreated 
cells. (C) Effect of Targetin on the expression of genes involved in cancer progression 
pathways. Clustergram summarizing the data from Real time PCR array analyses of R286 
and SF188, and showing significant changes in the expression of cancer progression genes 
at Ohr, 3hr and 24hr after treatments with Targetin (Tag). NT = untreated. 
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